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LITHIUM-MANGANESE COMPLEX OXIDE, 



PRODUCTION METHOD THEREOF AND USE THEREOF 



FIELD OF THE INVENTION 
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This invention relates to the Improvement of lithium- 
manganese oxides , more particularly to a lithium-manganese 
complex oxide having a spinel crystalline structure, which 
Is represented by a formula LI [Mn2-x-Yl*lxMY] O4+5 (wherein M Is 
at least one element selected from the groups XIa, Illb and 
VIIX of the 3rd and 4th periods, and 0.02 < X < 0.10, 0.05 < 
Y < 0.30 and -0.2 < 5 < 0.2), wherein average diameter of 
crystal grains by scanning electron microscopic (SEM) 
observation is 2 pm or less and half value width of the 
(400) plane of powder X-ray diffraction by CuKa is 0.22'' or 
less, and a lithium-manganese complex oxide having a spinel 
crystalline structure, wherein its BET specific surface 
area is 1.0 m^-g~^ or less, and also to an Mn-M complex 
oxide slurry material which renders their production 
possible, a production method thereof and a lithium 
secondary battery which uses the lithium-manganese complex 
oxide as the positive electrode active material. 

Since lithium secondary batteries have high energy 
density, their application to a broad range of fields is in 
progress as new type secondary batteries of the next 
generation, and studies on them, including those which were 
already put into practical use, are in progress with the 
aim of obtaining more higher performance. 
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Manganese-based materials are one of -the promising 
materials, because the material manganese Is abundant and 
Ineaqpenslve In view of resources and gentle with the 
environment . 

BACKGROUND OF THE INVENTION 

With the popularization of mobile machinery, great 
concern has been directed toward a small-sized, light 
weight and high energy density llthlimi secondary battery, 
and lithium Ion batteries In which a carbonaceous material 
capable of charging and discharging llthloom was used In the 
negative electrode have been put Into practical use. 

Though llthlum-cobalt oxide (to be referred to as 
LIC0O2 hereinafter) Is mainly used In the positive electrode 



nj material of the current lithium Ion batteries, cobalt 

Ln materials are expensive so that development of Its 

□ 

pj substitute material Is expected. 

Llthlum-nlckel oxide (to be referred to as LlNlOa 
hereinafter) and lithium-manganese spinel (to be referred 
to as Lllto204 hereinafter) can be exemplified as the 
positive electrode material which can be substituted for 
LIC0O2 and show a 4 V-class electromotive force, but I«lMh204 
Is considered to be the most excellent positive electrode 
material for hybrid type electric car batteries and fuel 
cell auxiliary power supply, because It Is abundant and 
Inexpensive In view of resources , has low Influence on the 
environment and can easily ensure safety when made Into a 
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battery, and vigorous research and development: are being 
carried out with the aim of Its practical use. 

However, It has been pointed out that L1^204 has a 
problem regarding high tenqperature stability, namely 
capacity reduction and preservation characteristics by 
charging and discharging at a high temperature, so that 
concern has been directed toward the resolution o£ this 
problem . 

For example, LlxMn(2-Y)AlYMY04 In which Al was doped to 

w 

Q LlMh204 (Japanese Patent Lald-Qpen No. 289662/1992) and 

S! 

in Ll [Mn2-x-YLl3^feY] O4 wherein Me represents a metal (Japanese 
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Patent Lald-ppen No. 7956/1999) have been proposed, but 
9 their capacity maintaining ratio after 50 cycles of charge 

fy and discharge Is 96% to the maxlmtim, thus still leaving a 

t a 

\j\ room to be Improved. 

^ SXJtMhRY OF THE INVENTION 

The object of the Invention Is to propose a lithium- 
manganese complex oxide having Improved high temperature 
stability and a production method thereof and to provide a 
high output lithium secondary battery which uses this 
compound as the positive electrode active material . 

As a result of Intensive studies carried out with the 
aim of Inprovlng high temperature stability of LlMn204, 
namely charge and discharge cycle characteristics and 
preservation characteristics at a high temperature. It was 
found that a spinel crystalline structure lithium-manganese 
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complex oxide represen'ted by a formula Li [Mn2-x-Yl<i-xMY] O4+5 
(wherein M is at least one element selected from the groups 
Ila, Illb and VIII of the 3rd and 4th periods, and 0.02 < X 
< 0.10, 0.05 < Y < 0.30 and -0.2 < 6 < 0.2), having a half 
value width of the (400) plane of powder X-ray diffraction 
by CuKa of 0.22° or less and an average diameter of crystal 
grains by SEM observation of 2 |Lim or less, and a spinel 
crystalline structure lithium-xaanganese complex oxide 
^ having a BET specific surface area of 1.0 m^*g~^ or less, 

^ can be synthesized by producing in advance an Mn-M complex 

oxide slurry material by adding an alkali to a metal salt 
^ aqueous solution of M (M is at least one element selected 

m 

^ from the groups I la, 1 1 lb and VIII of the 3rd and 4 th 

□ 

ry periods) containing electrolytic manganese dioxide as the 



\f\ manganese material, while stirring the solution, then 

R 

adding a lithium material thereto and baking the mixture in 
the air or in an atmosphere of high concentration oxygen 
(including pure oxygen atmosphere) , namely in an atmosphere 
of from 18 to 100% oxygen concentration, and that a 
manganese-based lithium secondary battery having sharply 
improved high temperature stability, which can not be 
achieved with the conventional materials, can be 
constructed by the use of the compound as the positive 
electrode active material, thereby resulting in the 
accomplishment of the invention. 
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DETAILED DESCRIPTION OF THE INVENTION 
The following describes the Invention Illustratively. 
The Invention Is a spinel crystalline structure 
lithium-manganese complex oxide represented by a formula 
lii [Mn2-x-YLixMY]04+s (wherein M is at least one element 
selected from the groups Ila, Illb auid VIII of the 3rd and 
4th periods, and 0.02 < X < 0.10, 0.05 < Y < 0.30 and -0.2 < 
6 < 0.2) . 

p The compound of the invention is constituted with 

P 

^ lithium, manganese, a metal element M (wherein M is at 
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m 
m 



least one element selected from the groups Ila, Illb and 
VIII of the 3rd and 4th periods) and oxygen, wherein 
lithium occupies the tetrahedral position of cubic closest 



nj oxygen packing, and manganese and the metal element M or 

lithium, manganese and the metal element M occupy the 



nj octahedral position thereof. Exeuaples of the M include Mg, 

Ni, Al and Fe. In general, ratio of the number of 
tetrahedral position and octahedral position is 1:2, and 
when the ratio of lithium, manganese and metal element M 
occupying each site is within the range of the formula, 
they become a spinel crystalline structure oxide. In this 
case, the tetrahedral position is called 8a site, and 
octahedral position 16d site. 

It is important that the lithium-manganese complex 
oxide of the invention contains at least one element 
selected from the groups Ila, Illb and VIII of the 3rd and 



- 5 - 



4th periods. In addition to lithiiim, manganese and oxygen 
elements . The stability at high temperature is improved by 
containing these elements . It is essential that the content 
of these elements is 0.02 < X < 0.10, 0.05 < Y < 0.30 and 
-0.2 < 5 < 0.2 in the formula Li [Mn2-x-Yl'i^Y] O4+5 . Sufficient 
high tenqperature stability can not be maintained when the 
value of X is smaller than this level, and high temperature 
stability can be maintained but sufficient charge and 
discharge capacity can not be obtained when it is larger 

B 

□ than this level. Also, sufficient high temperature 

1. ! 

m stability can not be maintained when the value of Y is 

smaller than this level due to small containing effect of 



m 

in 

S3 t 

9 

□ 

m 
1^ 
m 
□ 



the element M, and high temperature stability can be 
maintained but sufficient charge and discharge capacity can 
not be obtained when it is larger than this level. 

The 5 value showing the number of oxygen atoms is 
described as -0.2 < S < 0.2, however, the analytical 
measurement of 5 value is very difficult, and the 5 value is 
ordinarily described as ^^0". 

It is essential that the lithium-manganese complex 
oxide of the invention has an average diameter of crystal 
grains by SEM observation of 2 |jm or less and a half value 
width of the (400) plane of powder X-ray diffraction by 
CuKa of 0.22^ or less. It is important that Li, Mn and M (M 
is at least one element selected from the groups Ila, Illb 
and VIII of the 3rd and 4th periods) having different ion 
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diameters are uniformly dispersed In the 16d site of spinel 
structure of the lithium-manganese complex oxide of the 
Invention, because when they are uniformly dispersed, they 
become a single phase so that the half value width of 
powder X-ray diffraction becomes sufficiently small causing 
no problems, but when these elements are segregated, they 
become an aggregate of crystal grains having different 
lattice constants depending on their Ion diameters so that 
they become an aggregate of spinel crystals having slightly 
different lattice constants and the half value width of 
powder X-ray diffraction Increases . That Is , since the half 
value width of powder X-ray diffraction Is an Index which 
shows Irregularity of composition among crystal grains, the 
Improving effect on high temperature stability by 
containing the element M can not fully be shown when the 
width Is large. 

According to the lithium-manganese complex oxide of 
the Invention, It Is essential that the average diameter of 
crystal grains by SEM observation Is 2 |jm or less and It Is 
desirable that the BET specific surface area Is 1.0 m^-g~^ 
or less . Since the crystal grains of lithium-manganese 
oxide have a property to perform grain growth via oxygen 
deficiency, crystal grains of 5 (om or more by SEM 
observation have frequent oxygen deficiency which spoil the 
high temperature stability. When the crystal grain diameter 
Is 2 |jm or less, there Is substantially no Influence of the 



oxygen deficiency, and i'b is particularly desirable 'bha'b 
Uie crystal grains are uniformly present. On the other hand, 
when the crystal grains are small, the BET specific surface 
area becomes large and the contacting area with 
electrolytic solution is increased so that there is a 
tendency advantageous for high rate charge and discharge, 
but the high temperature stability is reduced and other 
properties such as workability at the time of electrode 

M= preparation and yield are worsened. Reduction of the BET 

P 

□ specific surface area can be effected by enlarging the 

U1 crystal grains, but satisfactory high tonperature stability 

si 

can not be obtained when the crystal grains are too large 

m 

because of the same reasons . Thus , it is desirable that the 
^ average diameter of crystal grains is 2 |jm or less and the 

^ieh: specific surface area is 1.0 m^*g~^ or less. 

Q As shown in the invention, the chemical composition 

ly 

is iniportant in order to ixoprove the high temperature 
stability, namely, not only a metal element M (M is at 
least one element selected from the groups lla, Illb and 
VIII of the 3rd and 4th periods) having hitherto been known 
is simply added, but also its half value width of the (400) 
plane of powder X-ray diffraction is 0.22^ or less, and it 
is particularly important that average diameter of crystal 
grains by SEM observation is 2 |jm or less and the BET 
specific surface area is 1.0 m^-g"^ or less. By these 
factors, it becomes possible for the first time to obtain 




- 8 - 



ru 



sufficient high temperature stability. 

The lithium-manganese complex oxide of the invention 
can be produced using an Ito-M complex oxide slurry as the 
material produced by adding an alkali to a metal salt 
aqueous solution of M (M is at least one element selected 
from the groups Ila, Illb and VIII of the 3rd and 4 th 
periods) containing electrolytic manganese dioxide as the 
manganese material, while stirring the solution. The 
lithium-manganese complex oxide of the invention can be 
obtained by adding a lithium material thereto and beJcing 
the mixture in the air or in an atmosphere of high 
concentration oxygen (including pure oxygen atmosphere) , 



m 
m 

namely in an atmosphere of from 18 to 100% oxygen 



concentration . 

In synthesizing the lithium-manganese complex oxide 
of the invention, it is important to use electrolytic 
manganese dioxide as the manganese material. The 
electrolytic manganese dioxide generally has a large BET 
specific surface area of from about 30 to 40 m^/g, and 
stirring this in a metal salt aqueous solution of M (M is 
at least one element selected from the groups Ila, Illb and 
VIII of the 3rd and 4th periods) , M can be uniformly 
adsorbed to its surface and can be immobilized on its 
surface by adding an alkali of aqueous ammonia solution, 
etc. The stirring may be carried out at room temperature or 
at a high temperature of equal to or lower than the boiling 
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point of the aqueous solution. As the material of the metal 
element M to be used in the synthesis, any material can be 
used with the proviso that it is a water-soluble salt, and 
its examples include a nitrate and a sulfate. The thus 
produced Mn-M complex oxide slurry may be used as such, 
after drying or after baking to make it into an M- 
containing lower oxide such as Mn203 or M13O4. 

As the lithium material to be used in the synthesis, 
any material can be used with the proviso that it is a 
compound such as lithium carbonate, lithium hydroxide, 
lithium nitrate, lithium acetate or lithium iodide, which 
starts the complex formation reaction with manganese oxide 
at a temperature of 500°C or less, and they may be mixed by 
a dry method or by a wet method by making them into a 
slurry or solution, but in order to improve their mixing 
ability or soliability, it is particularly desirable to use 
a lithium material having an average grain diameter of 5 pm 
or less, more preferably 2 pm or less. 

The baking for obtaining the lithium-manganese 
complex oxide of the invention is carried out in the air or 
in an atmosphere of high concentration oxygen (including 
pure oxygen atmosphere) , namely in an atmosphere of from 18 
to 100% oxygen concentration, and it is desirable that the 
baking temperature is within the range of 700°C or more and 
SSO'^C or less. A temperature lower than this requires 
considerably long period of time for sufficiently reducing 
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the BET specific surface area, and a temperature higher 
than this is apt to cause abnormal growth of the crystal 
grains. In addition, since the lithium-manganese complex 
oxide has a property to release and absorb oxygen at the 
time of high temperature, it is further desirable to carry 
out cooling after the baking at a rate of or less per 1 

hour in view of the absorption of oxygen. 

As the negative electrode of the lithium secondary 
battery of the invention, lithium metal, a lithium alloy 
and a compound in which lithium is charged in advance and 
which is capable of charging and discharging lithium can be 
used. 

Though the lithivim alloy does not limit the invention, 
for exaicples, lithium/ tin alloy, lithium/ aluminum alloy and 



ru 

M lithium/lead alloy can be exemplified 



Though the compound capable of charging and 
discharging lithium does not limit the invention, for 
example, carbonaceous materials such as graphite and black 
lead, oxides of iron and oxides of cobalt can be 
exexnplif ied . 

In addition, though the electrolyte of the lithium 
secondary battery of the invention is not particularly 
limited, the electrolyte in which at least one of lithium 
salts such as lithium perchlorate, lithium 

tetraf luoroborate , lithium hexaf luorophosphate and lithium 
trifluoromethanesulfonate is dissolved in at least one of 
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organic solvents including carbonates such as propylene 
carbonate and diethyl carbonate, sulfolanes such as 
sulfolane and dimethyl sulfoxide, lactones such as y- 
butyrolactone and ethers such as dimethyl sulfoxide, and 
inorganic and organic lithium ion conductive solid 
electrolytes can be used. 

Excunples are shown below as illustrative examples of 
the invention, but the invention is not restricted by these 

S examples . 

□ 

S| In this connection, the powder X-ray diffraction 

m 

si measurement in the examples of the invention and 
i_q comparative examples was carried out by the method shown 
below . 

Powder X-ray diffraction measurement 

^asuring machine MXP3 mfd. by Mack Science 

u 

fU Irradiation X ray Cu Ka ray 

Measuring mode step scanning 

Scanning condition 0 . 04^ as 2 9 

Measuring time 5 seconds 

^asuring range from S"" to 80° as 2 6 

Also, the BET specific surface area was measured by 
nitrogen adsorption method, and the average grain diameter 
by micro track. 

[Production of lithium-manganese conqplex oxides] 

EXAMPLE 1 
(Synthesis of Li [Mn1.85Lio.05Mgo.1lO4) 
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p 
nj 
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As Example 1, synthesis of Li [Mni.esI-io.osMgo.i] O4 was 
carried out by the following method. 

An 87 g portion of electrolytic manganese dioxide was 
put into 1 liter of magnesium sulfate 0.054 mol/1 aqueous 
solution and stirred while heating at 80°C, 100 ml of 3% by 
weight aqueous ammonia was added dropwise thereto spending 
edDout 2 hours, and the mixture was further stirred for 4 
hours> filtered and then dried. This was baked at SOO^C for 
12 hours, mixed with a predetermined amount of lithium 
carbonate having an average grain diameter of 2 pm by a dry 



process and then baked at BOO'^C for 24 hours. It was 
confirmed by powder X-ray diffraction measurement that the 

01 

yi thus obtained compound has a spinel structure, and by SEM 



observation that the crystal grains are in octahedral plane 



^ shape and their sizes are uniform. A result of chemical 



composition analysis of the formed product, and its half 
value width of (400) plane, crystal grain diameter by SEM 
observation and BET specific surface area are shown in 
Table 1. 

EXAMPLE 2 
(Synthesis of Li [Mhi.esI-io.osNio.i] O4) 

As Example 2, synthesis of Li [Mni.asLio. 05^^0.1 was 
carried out by the following method. 

An 87 g portion of electrolytic manganese dioxide was 
put into 1 liter of nickel sulfate 0 . 054 mol/1 aqueous 
solution and stirred while heating at 60^C, 100 ml of 3% by 
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weight: aqueous ammonia was added dropwise -thereto spending 
about 2 hours, and the mixture was further stirred for 4 
hours, filtered and then dried. It was confirmed that the 
filtrate is colorless and transparent. This was mixed with 
a predetermined amount of lithium carbonate having an 
average grain diameter of 2 pm by a dry process and baked 
at 800°C for 24 hours . It was confirmed by powder X-ray 
diffraction measur^aent that the thus obtained compound has 
a spinel structure, and by SEM observation that the crystal 
grains are in octahedral plane shape and their sizes are 
uniform. A result of chemical composition analysis of the 
formed product, and its half value ^ width of (400) plane, 
crystal grain diameter by SEM observation and BET specific 
surface area are shown in Table 1 . 

EXAMPLE 3 
(Synthesis of Li [Mni.eoI'io.osAlo.islOa) 

As Example 3, synthesis of Li [Mni.soI^io.osAlo.isl O4 was 
carried out by the following method. 

An 87 g portion of electrolytic manganese dioxide was 
put into 1 liter of aluminum sulfate 0.084 mol/1 aqueous 
solution and stirred while heating at 90''C, 100 ml of 3% by 
weight aqueous ammonia was added dropwise thereto spending 
about 2 hours, and the mixture was further stirred for 4 
hours, filtered and then dried. This was baked at 900°C for 
12 hours, mixed with a predetermined amount of lithium 
carbonate having an average grain diameter of 2 pm by a dry 
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process and then baked at 900''C for 24 hours. It was 
confirmed by powder X-ray diffraction measurement that the 
thus obtained compound has a spinel structure, and by SEM 
observation that the crystal grains are in octahedral plane 
shape and their sizes are unifoinn. A result of chemical 
composition analysis of the formed product, and its half 
value width of (400) plane, crystal grain diameter by SEM 
observation and BET specific surface area are shown in 
M- Table 1. 

p EXAMPLE 4 

Si 

ill (Synthesis of Li [Mni.74ljio.o3AJ.o.23]04) 

si 

As Exaxnple 4, synthesis of Li [Mni.74Lio.o3Alo.23l04 was 



m 

m 
m 



carried out in the same manner as in Example 3 , except that 
excess amount of Li and added amount of Al were changed. A 
result of chemical composition analysis of the formed 
product, and its half value width of (400) plane, crystal 
grain diameter by SEM observation and BET specific surface 
area are shown in Table 1 . 

EXAMPLE 5 
(Synthesis of Li [Mni.8ol<io. 05^60.15104) 

As Example 5 , synthesis of Li [Mni . soLio . osFeo . 15 1 04 was 
carried out by the following method. 

An 87 g portion of electrolytic manganese dioxide was 
put into 1 liter of iron (II) sulfate 0.084 mol/1 acpieous 
solution and stirred at room temperature. In this case, the 
supernatant was firstly light green of divalent iron when 
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the stirring was suspended but became russet originated 
from trivalent manganese or trivalent iron ions after 1 
hour of stirring. It was considered that this is due to 
oxidation-reduction reaction of divalent iron with 
manganese dioxide, and iron ions are strongly acting upon 
the surface of manganese dioxide grains. While stirring, to 
this was added dropwise 100 ml of 3% by weight aqueous 
ammonia spending about 2 hours , and the mixture was further 
stirred for 4 hours, filtered and then dried. The filtrate 

h 

p was colorless and transparent. This was baked at 800^C for 

12 hours, mixed with a predetermined amount of lithium 

^ carbonate having an average grain diameter of 2 pm by a dry 

process and then baked at 850^C for 24 hours. It was 

s 

Q confirmed by powder X-ray diffraction measurement that the 

nj 

Mi thus obtained compound has a spinel structure, and by SEM 

m 

p observation that the crystal grains are in octahedral plane 



ry 



shape and their sizes are uniform. A result of chemical 
composition analysis of the formed product, and its half 
value width of (400) plane, crystal grain diameter by SEM 
observation and BET specific surface area are shown in 
Table 1. 

EXAMPLE 6 

(Synthesis of Li[Mni.8ol'io.o5Mgo.o5Alo.io]04) 

As Example 6, synthesis of Li [Mxii.eoI'io.osMgo.osAlo.io] O4 
was carried out in the same manner as in Example 3, except 
that added amounts of Mg and Al were changed. A result of 
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chemical composition analysis o£ the formed product, and 
its half value width of (400) plane, crystal grain diameter 
by SEM observation and BET specific surface area are shown 
in Table 1. 

COMPARATIVE EXAMPLE 1 
As comparative Exaxnple 1, Li [Mni.85Lio.05^o.io]04 was 
synthesized by weighing magnesium hydroxide, lithium 
carbonate and electrolytic manganese dioxide to obtain a 
p composition similar to that of Example 1 , mixing them by a 

dry process and then baking the mixture at 800^C for 24 
hours. It was found by SEM observation that the crystal 
grains were in well developed octsJiedral plane shape but 
they were a mixture of rough grains of 5 |jm or more with 



S3^ 

m 
m 



nj fine grains of 1 ym or less . A result of chemical 

m cCTcqposition analysis of the formed product, and its half 

nj value width of (400) plane, crystal grain diameter by SEM 

observation and BET specific surface area are shown in 

Table 1. 

Comparative Example 2 
As comparative Example 2 , Li [Mni . sol'io . os^o . osAIq . lo ] O4 
was synthesized by weighing aluminum hydroxide, lithium 
carbonate and electrolytic manganese dioxide to obtain a 
conposition similar to that of Example 6, mixing them by a 
dry process and then baking the mixture at 900°C for 24 
hours . It was found by SEM observation that the crystal 
grains were in well developed octahedral plane shape but. 
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similar to the case of Comparative Example 1 , they were a 
mixture of rough grains of 5 |jm or more with fine grains of 
1 |jm or less . A result of chemical composition analysis of 
the formed product, and its half value width of (400) plane, 
crystal grain diameter by SEM observation and BET specific 
surface area are shown in Table 1 . 

COMRARATIVE EXAMPLE 3 
As comparative Example 3, Li [Mni.9oLio.io]04 was 

M- synthesized by mixing electrolytic manganese dioxide and 

n 

□ lithium carbonate by dry process and baking the mixture at 

St. 

Lfl 900^C for 24 hours. It was found by SEM observation that 

Si 

Q1 the crystal grains were in well developed octahedral plane 

„ shape but, similar to the case of Comparative Example 1, 

p 

ry they were a mixture of rough grains of 5 |jm or more with 

^ fine grains of 1 pm or less. A result of chemical 

^ composition analysis of the formed product, and its half 

value width of (400) plane, crystal grain diameter by SEM 
observation and BET specific surface area are shown in 
Table 1 . 



- 18 - 






0.54 


0.82 


0.51 


0.58 


0.54 


0.48 


0.68 


1.38 


0.54 


Average 
diameter of 
crystal grains 
(Mm) 


CM 
V 


<2 


CM 

V 


CM 
V 


CM 
V 


CM 

V 


>5 


>5 


>5 


Half value 
width of (400) 
plane 
(VCuKa) 


0.080 


0.120 


0.160 


0.200 


0.160 


0.080 


0.080 


0.240 


0.240 


Chemical composition 


O 

o 

O 

t 

o 
o 

•rl 

tn 

00 


O 

o 

o 
■H 

in 
o 

o 
•H 

in 

GO 
rH 

•H 

Hi 


o 

r— 1 

in 

H 

o 

o 
o 
•H 

o 

00 
rH 

i 

•H 

Hi 


o 

cn 
o 

o 
o 
■H 

Hi 

H 

1 

■H 
hI 


o 

in 

«H 

o 

<u 

m 
o 

o 
■H 

Hi 

o 

CD 
rH 

■H 


o 

o 

rH 

O 

o 
o 

t 

o 
o 
•H 

Hi 

o 

00 
rH 

g 
•H 


O 
1— ^ 

o 

rH 
O 

1 

O 

o 
•H 

Hi 

in 

OD 
rH 

•H 
Hi 


o 

o 

rH 
O 

rH 

O 

o 

o 
o 
-H 

Hi 

o 

00 
rH 

Hi 


o 

o 

rH 
O 

■H 

Hi 

o 
cn 

rH 




Example 1 


Example 2 


Example 3 


Example 4 


Example 5 


Example 6 


Comparative 
Example 1 


Comparative 
Example 2 


Comparative 
Example 3 



- 19 - 



[Constitution of battery] 

Each o£ the lithium-manganese complex oxides produced 
in Exanrples 1 to 6 and Comparative Examples 1 to 3 was 
mixed with a mixture of polytetraf luoroethylene and 
acetylene black as a conductive material (trade name: TAB- 
2) at a weight ratio of 2:1. A 75 mg portion of the 
resulting mixture was formed into pellets on a 16 mm(|> mesh 
(SUS 316) under a pressure of 1 ton*cm"^ and then dried 
^ under a reduced pressure at 200°C for 2 hours. 

P A battery of 2 cm^ in electrode area was constructed 

m using this as the positive electrode, a piece of lithium 

Q1 cut out from a lithium foil (0.2 xmn in thickness) as the 

m 

9 negative electrode and using an organic electrolytic 

P 

fy solution prepared by dissolving lithium hexaf luorophosphate 

j|] in a 1 : 2 volume ratio mixed solvent of propylene carbonate 

^ and dimethyl carbonate , to a concentration of 1 mol * dm~^ , as 

the electrolytic solution. 

The capacity maintaining ratio (capacity after 50 

cycles /capacity after 10 cycles) at 50^C is shown in Table 2. 
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Table 2 





Capacxty maxn^taxnxng 
ra'bxo 

% 


Deterxora'bxon 
rat.xo 

% 


Example 1 


99 . 4 


0 . 6 


Excunple 2 




U . / 


Excunple 3 


99.5 


0.5 


Example 4 


99.6 


0.4 


Example 5 


99.4 


0.6 


Example 6 


99.6 


0.4 


Coiiiparai:lve Example 1 


97.2 


2.8 


Compara'blve Example 2 


97.8 


2.2 


Compara'tlve Exanple 3 


95.1 


4.9 
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Each of the Ixthlum-manganese complex oxxdes 
synthesized in Examples 1 to 6 showed a high high- 
temperature stability with a deterioration ratio (= 100 — 
capacity maintaining ratio) of less than 1% . On the other 
hand, the lithium-manganese complex oxides synthesized in 
Cdnparative Exaxnples 1 and 2 also gave high high- 
temperature steJdility in comparison with Comparative 
Example 3 showing the adding effect of M, but the 
deterioration ratio was 2% or more. 

As has been described in the foregoing, it was found 
that a lithium-manganese con^lex oxide represented by a 
formula Li [Mn2-x-YLixMY] O4+S (wherein M is at least one element 
selected from the groups Ila, IlXb and VIII of the 3rd and 
4th periods, and 0.02 < X < 0.10, 0.05 < Y < 0.30 and -0.2 < 
5 < 0.2), having a spinel crystalline structure of 0.22® or 
less of half value width of the (400) plane of powder X-ray 
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diffraction by CuKa and an average dlamet;er of crys1:al 
grains by SEM observation of 2 pm or less, and a spinel 
crystalline structure lithiiim-manganese complex oxide 
having a BET specific surface area of 1.0 m^*g'^ or less, 
can be synthesized by producing in advance an Mn-M complex 
oxide slurry by adding an alkali to a metal salt aqueous 
solu'tion of M (M is a't leas^ one element selected from the 
groups lla, II lb and VIII of the 3rd and 4 th periods) 
p containing electrolytic manganese dioxide as the manganese 

^ material, while stirring the solution, -then adding a 

z\ lithium material there -to and baking the mixture in -the air 

^ or in an atmosphere of high concentra'tion oxygen (including 

^ pure oxygen atmosphere) , namely in an atmosphere of from 18 

fU to 100% oxygen concentration, and that a manganese-based 

LJl lithium secondary ba-ttery having sharply improved high 

□ 

fy temperature stability, which can not be achieved with the 

conventional materials , can be constructed by the use of 
the compound as the positive electrode active material of 
the lithium secondary battery. 
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